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(54) WAFER TREATING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wafer treating system by 
which the surface of the board can be stably and reliably dried. 
SOLUTION: A discharge nozzle 41 and a suction nozzle 42 are 
fixed near the end of a nozzle arm 43. While the wafer W which has 
been rinsed by pure water is rotated, the nozzle arm 43 is turned 
along a locus R and nitrogen gas is discharged from the discharge 
nozzle 41. At the same time, ambient atmosphere is sucked by the 
suction nozzle 42. Protuberant and visible moisture is gently 
removed from the wafer W by spray of nitrogen gas from the 
discharge nozzle 41. An infinitesimal amount of moisture remaining 
in microscopic patterns and the like is completely removed by 
sucking the atmosphere contacting the same region as that on the 
wafer W from which the moisture is removed. In this way, the 
region can be completely dried. Consequently, the surface of the 
wafer W can be stably and reliably dried. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the substrate processor which dries the substrate which the washing processing by pure water ended, 

The rotation means which holds a substrate and is rotated in an abbreviation horizontal plane, 

A pure-water supply means to supply pure water to the front face of the substrate held at said rotation 

means, 

The 1 st nozzle which sprays a gas on the front face of a substrate on which the liquid peak of the pure 
water was carried out by said pure-water supply means, 

The 2nd nozzle which attracts the ambient atmosphere which touches the front face of said substrate, 
The 1 st nozzle migration means to which said 1 st nozzle is moved in an abbreviation horizontal plane so 
that moisture may be eliminated from the edge section of said substrate by spraying a gas on the pure 
water by which the liquid peak was carried out to the front face of the substrate which rotates with said 
rotation means from said 1 st nozzle, 

The 2nd nozzle migration means to which said 2nd nozzle is moved in an abbreviation horizontal plane so 
that the ambient atmosphere which touches the same field as the field on said substrate with which the 
gas was sprayed and moisture was eliminated by said 1 st nozzle may be attracted by said 2nd nozzle and 
the field concerned may be dried, 

The substrate processor characterized by preparation 
[Claim 2] 

In a substrate processor according to claim 1 , 

While said 1 st nozzle migration means moves said 1 st nozzle so that the locus which goes to the edge 
section from the center of rotation of said substrate which the attainment point of the gas breathed out 
from said 1st nozzle rotates may be drawn. 

Said 2nd nozzle migration means is a substrate processor characterized by moving said 2nd nozzle so that 
the locus which goes to the edge section from the center of rotation of said substrate which the point 
where the ambient atmosphere attracted by said 2nd nozzle touches rotates may be drawn. 
[Claim 3] 

It is the substrate processor which dries the substrate which the washing processing by pure water ended, 

The rotation means which holds a substrate and is rotated in an abbreviation horizontal plane, 

A pure-water supply means to supply pure water to the front face of the substrate held at said rotation 

means, 

The 1st nozzle which sprays a gas on the front face of a substrate on which the liquid peak of the pure 
water was carried out by said pure-water supply means, 

The 2nd nozzle which attracts the ambient atmosphere which touches the front face of said substrate, 

The nozzle arm to which said 1st nozzle and said 2nd nozzle were fixed, 

The migration means to which said nozzle arm is moved in a field parallel to said substrate, 

Preparation, 

Said migration means so that moisture may be eliminated from the edge section of said substrate by 
spraying a gas on the pure water by which the liquid peak was carried out to the front face of the 
substrate which rotates with said rotation means from said 1 st nozzle And the substrate processor 
characterized by attracting the ambient atmosphere which touches the same field as the field on said 



substrate with which the gas was sprayed and moisture was eliminated by said 1st nozzle by said 2nd 
nozzle, and moving said nozzle arm so that the field concerned may be dried. 
[Claim 4] 

In a substrate processor according to claim 1, 

Said migration means is a substrate processor characterized by to move said nozzle arm so that the locus 
which goes to the edge section from the center of rotation of said substrate which the attainment point of 
the gas breathed out from said 1 st nozzle rotates may be drawn, and so that the locus which goes to the 
edge section from the center of rotation of said substrate which the point where the ambient atmosphere 
attracted by said 2nd nozzle touches rotates may be drawn. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the substrate processor which dries the semi-conductor substrate which the 
washing processing by pure water ended, the glass substrate for liquid crystal displays, the glass substrate 
for photo masks, the substrate for optical disks, etc. (a "substrate" is only called hereafter), especially the 
substrate processor of single wafer processing. 
[0002] 

[Description of the Prior Art] 

Generally, rotating a substrate, in the substrate processor of single wafer processing which supplies drug 
solutions, such as fluoric acid, and performs etching processing and washing processing, rinse processing 
by pure water is performed after drug solution processing, and desiccation processing which removes the 
pure water which adhered to the substrate after that further is performed. Conventionally, as the technique 
of performing desiccation processing of a substrate, many techniques of shaking off a liquid by rotating a 
substrate are used (for example, patent reference 1 reference). 
[0003] 

Moreover, in the equipment from which spreading film, such as polyimide adhering to the edge section of a 
substrate, is removed, after supplying a penetrant remover to this edge section and removing the spreading 
film, there are some which are drying the penetrant remover by vacuum suction, rotating a substrate (for 
example, patent reference 2 reference). 
[0004] 

[Patent reference 1 ] 
JP,1 1-233481, A 
[Patent reference 2] 
JP,1 0-2091 43,A 
[0005] 

[Problem(s) to be Solved by the Invention] 

However, at the desiccation process after the rinse processing by pure water, when poor desiccation 
(watermark) may arise and etching processing of silicon (Si) and polish recon on the front face of a 
substrate is especially carried out by fluoric acid, since the non-dense water surface is partially exposed, it 
is easy to produce a watermark. The residue produced as a result of the oxygen in an ambient atmosphere 
reacting to the moisture with which this watermark adhered to the substrate front face with penetration 
and Si is considered to have remained by desiccation. 
[0006] 

In order to prevent generating of such a watermark, IPA (isopropyl alcohol) is sprayed on a substrate front 
face at the time of desiccation processing, and how IPA permutes moisture can be considered. However, 
by this approach, in order to treat inflammable IPA with a liquid or a gas, it is necessary to make safety- 
practice top equipment into an explosion-proof construction. Moreover, also in a process side, since the 
condition range which IPA permutes by residual moisture is narrow, there is a problem that the 
repeatability of generating prevention of a watermark is hard to be acquired. Furthermore, supplying IPA 
which is the organic substance to a substrate front face at the time of a final treatment called a 



desiccation process also has a possibility of generating fault to the device property to which detailed- 

ization will progress increasingly from now on. 

[0007] 

This invention is made in view of the above-mentioned technical problem, and aims at offering the 
substrate processor which it can be stabilized [ processor ] and can dry a substrate front face certainly. 
[0008] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, invention of claim 1 In the substrate processor 
which dries the substrate which the washing processing by pure water ended The rotation means which 
holds a substrate and is rotated in an abbreviation horizontal plane, and a pure-water supply means to 
supply pure water to the front face of the substrate held at said rotation means, The 1st nozzle which 
sprays a gas on the front face of a substrate on which the liquid peak of the pure water was carried out by 
said pure-water supply means, The 2nd nozzle which attracts the ambient atmosphere which touches the 
front face of said substrate, The 1 st nozzle migration means to which said 1 st nozzle is moved in an 
abbreviation horizontal plane so that moisture may be eliminated from the edge section of said substrate 
by spraying a gas on the pure water by which the liquid peak was carried out to the front face of the 
substrate which rotates with said rotation means from said 1st nozzle. The ambient atmosphere which 
touches the same field as the field on said substrate with which the gas was sprayed and moisture was 
eliminated by said 1st nozzle is attracted by said 2nd nozzle, and it has the 2nd nozzle migration means to 
which said 2nd nozzle is moved in an abbreviation horizontal plane so that the field concerned may be 
dried. 
[0009] 

Moreover, invention of claim 2 is set to the substrate processor concerning invention of claim 1 . While 
moving said 1 st nozzle to said 1 st nozzle migration means so that the locus which goes to the edge section 
from the center of rotation of said substrate which the attainment point of the gas breathed out from said 
1st nozzle rotates may be drawn Said 2nd nozzle is moved so that the locus which goes to the edge 
section from the center of rotation of said substrate which the point where the ambient atmosphere 
attracted by said 2nd nozzle touches said 2nd nozzle migration means rotates may be drawn. 
[0010] 

Moreover, invention of claim 3 is set to the substrate processor which dries the substrate which the 
washing processing by pure water ended. The rotation means which holds a substrate and is rotated in an 
abbreviation horizontal plane, and a pure-water supply means to supply pure water to the front face of the 
substrate held at said rotation means, The 1 st nozzle which sprays a gas on the front face of a substrate 
on which the liquid peak of the pure water was carried out by said pure-water supply means, The nozzle 
arm to which the 2nd nozzle which attracts the ambient atmosphere which touches the front face of said 
substrate, and said 1st nozzle and said 2nd nozzle were fixed, It has the migration means to which said 
nozzle arm is moved in a field parallel to said substrate. Said migration means So that moisture may be 
eliminated from the edge section of said substrate by spraying a gas on the pure water by which the liquid 
peak was carried out to the front face of the substrate which rotates with said rotation means from said 
1st nozzle And the ambient atmosphere which touches the same field as the field on said substrate with 
which the gas was sprayed and moisture was eliminated by said 1st nozzle is attracted by said 2nd nozzle, 
and said nozzle arm is moved so that the field concerned may be dried. 
[0011] 

Moreover, invention of claim 4 is set to the substrate processor concerning invention of claim 1. So that 
the locus which goes to the edge section from the center of rotation of said substrate which the 
attainment point of the gas breathed out from said 1st nozzle by said migration means rotates may be 
drawn And said nozzle arm is moved so that the locus which goes to the edge section from the center of 
rotation of said substrate which the point where the ambient atmosphere attracted by said 2nd nozzle 
touches rotates may be drawn. 
[0012] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained to a detail, referring to a drawing. 
[0013] 

<The 1 . 1 st operation gestalt> 



Drawin g 1 is drawing of longitudinal section showing the configuration of the substrate processor 
concerning this invention. The spin base 10 which the substrate processor of the 1st operation gestalt is a 
substrate processor of single wafer processing which performs washing processing etc. to Substrate W, 
and mainly holds Substrate W, Two or more chuck pins 14 prepared on the spin base 10, and the electric 
motor 20 made to rotate the spin base 10, The processing liquid nozzle 30 and the desiccation nozzle 40 
which were prepared above the spin base 1 0, It has the splash guard 50 who surrounds the perimeter of 
the substrate W held at the spin base 10, the device which supplies processing liquid and gas to the 
substrate W held on the spin base 10, and the device in which a splash guard 50 is made to go up and 
down. 
[0014] 

The spin base 10 holds Substrate W in the abbreviation horizontal position on it. The spin base 10 is a 
disc-like member which has opening in a core, and two or more chuck pins 14 by which each grasps the 
periphery section of the circular substrate W are set up by the top face. What is necessary is just to have 
formed the chuck pin 1 4 in order [ three or more ] to hold the circular substrate W certainly. In addition, 
drawin g 1 shows only two chuck pins 14 after [ expedient ] illustrating. 
[0015] 

Each of the chuck pin 14 is equipped with substrate attaching part 14b which presses the periphery end 
face of the substrate W supported by substrate supporter 14a and substrate supporter 14a which support 
the periphery section of Substrate W from a lower part, and holds Substrate W. Each chuck pin 14 is 
constituted possible [ a switch ] between the press condition that substrate attaching part 1 4b presses the 
periphery end face of Substrate W, and the open condition that substrate attaching part 14b separates 
from the periphery end face of Substrate W. What is necessary is to be able to realize a switch with the 
press condition of two or more chuck pins 14, and an open condition according to various well-known 
devices, for example, just to use the link mechanism indicated by JP,3-9607,B. 
[0016] 

When passing Substrate W to the spin base 10, and when receiving Substrate W from the spin base 10, the 
chuck pin 14 is changed into an open condition. On the other hand, when performing many below- 
mentioned processings to Substrate W, the chuck pin 14 is made into a press condition. By considering as 
a press condition, two or more chuck pins 14 grasp the periphery section of Substrate W, and hold the 
substrate W in the horizontal position which separated predetermined spacing from the spin base 10. 
Substrate W is held, where it turned the front face to the top-face side and a rear face is turned to an 
inferior-surf ace-of-tongue side. When Substrate W is held by making the chuck pin 14 into a press 
condition, the upper limit section of substrate supporter 14a projects from the top face of Substrate W. 
This is for holding Substrate W certainly so that there may be that no the chuck pin 14 to the substrate W 
drops [ de] at the time of processing. 
[0017] 

The revolving shaft 11 is installed in the core inferior-surface-of-tongue side of the spin base 10. A 
revolving shaft 1 1 is a cylindrical member in the air, and the bottom processing liquid nozzle 15 is inserted 
in a part for the centrum of the inside. Near the lower limit of a revolving shaft 1 1 , interlocking connection 
of the electric motor 20 is carried out through the belt drive 21. That is, belt 21c is almost rolled between 
main driving pulley 21b connected with the revolving shaft of follower pulley 21a fixed to the periphery of a 
revolving shaft 1 1, and an electric motor 20. If an electric motor 20 drives, the driving force will be 
transmitted to a revolving shaft 1 1 through the belt drive 21, and will rotate as a core a revolving shaft 1 1 
and the shaft J with which the substrate W held with the spin base 1 0 at it met in the direction of a 
vertical in the horizontal plane. 
[0018] 

The bottom processing liquid nozzle 15 has penetrated the revolving shaft 11, and the point 15a is located 
directly under [ core ] the substrate W held at the spin base 10. Moreover, free passage connection of the 
end face section of the bottom processing liquid nozzle 1 5 is made at the processing liquid piping 1 6. The 
end face section of the processing liquid piping 16 has branched to two forks, free passage connection of 
the drug solution source of supply 17 is made at one branch-line 16a, and free passage connection of the 
pure-water source of supply 1 8 is made at branch-line 1 6b of another side. Bulbs 1 2a and 1 2b are formed 
in branch lines 16a and 16b, respectively. By switching closing motion of these bulbs 12a and 12b, from 
point 15a of the bottom processing liquid nozzle 15, a drug solution or pure water can be alternatively 



switched near the core of the inferior surface of tongue of the substrate W held at the spin base 10, and 
the regurgitation and supply of can be done. That is, by opening bulb 12a wide and closing bulb 12b, a drug 
solution can be supplied from the bottom processing liquid nozzle 1 5, and pure water can be supplied from 
the bottom processing liquid nozzle 15 by opening bulb 12b wide and closing bulb 12a. In addition, fluoric 
acid (HF), a hydrochloric acid (HCI), SC2 (mixed liquor of a hydrochloric acid, hydrogen peroxide solution, 
and water), etc. are used as a drug solution. 
[0019] 

Moreover, the clearance between the wall for a centrum of a revolving shaft 1 1 and the wall of opening of 
the spin base 10, and the outer wall of the bottom processing liquid nozzle 15 serves as the gas supply way 
1 9. Point 1 9a of this gas supply way 1 9 is turned to the inferior-surface-of-tongue core of the substrate W 
held at the spin base 10. And free passage connection of the end face section of the gas supply way 19 is 
made at gas piping 22. Free passage connection of the gas piping 22 is made at the inert gas source of 
supply 23, and the bulb 13 is formed in the middle of the path of gas piping 22. By opening a bulb 13, inert 
gas can be supplied towards the core of the inferior surface of tongue of the substrate W held at the spin 
base 10 from point 19a of the gas supply way 19. In addition, nitrogen gas (N2) is used as inert gas. 
[0020] 

The above revolving shaft 1 1, the belt drive 21, and the electric motor 20 grade are held in the casing 25 of 

the shape of a cylinder established on the base member 24. 

[0021] 

It receives in the perimeter of the casing 25 on the base member 24, and the member 26 is attached fixed. 
The cylinder-like diaphragms 27a, 27b, and 27c are set up by the receptacle member 26. The space 
between the outer wall of casing 25 and the wall of diaphragm 27a forms the 1 st effluent tub 28, the space 
between the outer wall of diaphragm 27a and the wall of diaphragm 27b forms the 2nd effluent tub 29, and 
the space between the outer wall of diaphragm 27b and the wall of diaphragm 27c forms the 3rd effluent 
tub 39. 
[0022] 

Exhaust port 28a by which free passage connection was made is prepared in abandonment drain 28b at the 
pars basilaris ossis occipitalis of the 1st effluent tub 28. From exhaust port 28a of the 1st effluent tub 28, 
used pure water and a used gas are discharged to abandonment drain 28b. The pure water and the gas 
which were discharged by abandonment drain 28b are discarded according to a predetermined procedure, 
respectively, after vapor liquid separation is carried out. 
[0023] 

Effluent opening 29a by which free passage connection was made is prepared in effluent drain 29b at the 
pars basilaris ossis occipitalis of the 2nd effluent tub 29. From effluent opening 29a of the 2nd effluent tub 
29, a used drug solution is discharged to effluent drain 29b. The drug solution discharged by effluent drain 
29b is discharged to effluent Rhine outside drawing. 
[0024] 

Effluent opening 39a by which free passage connection was made is prepared in recovery drain 39b at the 
pars basilaris ossis occipitalis of the 3rd effluent tub 39. From effluent opening 39a of the 3rd effluent tub 
39, a used drug solution is discharged to recovery drain 39b. The drug solution discharged by recovery 
drain 39b is recovered by the recovery tank outside drawing, and circulation reuse of the drug solution is 
carried out by supplying the collected drug solution to the drug solution source of supply 1 7 from a 
recovery tank. 
[0025] 

The splash guard 50 is formed above the receptacle member 26. A splash guard 50 is a tubed member, and 
he is stationed so that the perimeter of the substrate W held at the spin base 10 and it may be surrounded. 
The splash guard 50 is constituted by a lateral part 54 and the inside section 55. A lateral part 54 and the 
inside section 55 are connected by the connection member 56, and opening of a large number which form 
effluent guidance passage is drilled by this connection member 56 along with the circumferencial direction. 
The clearance between the lateral parts 54 and the inside sections 55 which are connected by the 
connection member 56 forms the recovery port 57, and the path becomes so small that it goes upwards. 
Moreover, while the 1st receiver 51 of the shape of a typeface of cross-section" **" and the 2nd receiver 
52 of a cross-section radii configuration are formed in a splash guard's 50 inside section 55, the circular 
ring-like slots 53a and 53b are engraved. 



[0026] 

The splash guard 50 is connected with the guard elevator style 59 through the link member 58, and rise 
and fall of him are enabled by the guard elevator style 59. Well-known various devices, such as a device 
using a delivery screw device and an air cylinder using the ball screw as a guard elevator style 59, are 
employable. 
[0027] 

While the guard elevator style 59 is dropping the splash guard 50 even to the lower part location most and 
diaphragms 27a and 27b fit loosely into Slots 53a and 53b, respectively, from a splash guard's 50 upper 
limit, the spin base 10 is located up and enables carrying-in taking out of Substrate W. Next, a splash guard 
50 goes up and the recovery port 57 is located in the perimeter of the substrate W held at the spin base 
10 and it (condition of drawin g 1 ). After having been the case where recovery reuse of the drug solution 
was carried out, passing opening of the connection member 56, flowing [ this condition's being in the 
condition at the time of etching processing, and / the drug solution which dispersed from the rotating 
substrate W having been caught by the recovery port 57, ] into the 3rd effluent tub 39 and being led to 
effluent opening 39a, it is discharged from effluent opening 39a to recovery drain 39b. 
[0028] 

Moreover, when the guard elevator style 59 raises a splash guard 50 a little from the condition of d rawin g 
1 , the 1st receiver 51 will be located in the perimeter of the substrate W held at the spin base 10 and it. 
This condition is in the condition at the time of pure-water rinse processing, and after the pure water 
which dispersed from the rotating substrate W is caught by the 1st receiver 51, flows into the 1st effluent 
tub 28 along that inclination and is led to exhaust port 28a, it is discharged from exhaust port 28a to 
abandonment drain 28b. 
[0029] 

If the guard elevator style 59 raises a splash guard 50 further, while diaphragms 27a and 27b will estrange 
from Slots 53a and 53b, respectively, the 2nd receiver 52 will be located in the perimeter of the substrate 
W held at the spin base 10 and it. This condition is in the condition at the time of etching processing, it is 
the case where a drug solution is discarded, and after the drug solution which dispersed from the rotating 
substrate W is caught by the 2nd receiver 52, flows into the 2nd effluent tub 29 along that curved surface 
and is led to effluent opening 29a, it is discharged from effluent opening 29a to effluent drain 29b. 
[0030] 

The processing liquid nozzle 30 is formed above the spin base 10. The processing liquid nozzle 30 turns the 
delivery 30a to the direction lower part of a vertical, and is fixed at the tip of the nozzle arm 31. The end 
face section of the nozzle arm 31 is connected with the revolving shaft of the rotation motor 32. The 
nozzle arm 31 and the processing liquid nozzle 30 are rotated in a horizontal plane by the drive of the 
rotation motor 32. 
[0031] 

Rise and fall of the rotation motor 32 are enabled by the nozzle elevator style which omits illustration. 
Therefore, the processing liquid nozzle 30 performs rotation actuation in the horizontal plane centering on 
the revolving shaft of the rotation motor 32, and rise-and-fall actuation which met in the direction of a 
vertical. The processing liquid nozzle 30 is movable with such actuation between the center-of-rotation 
section upper part location (regurgitation location) of the substrate W held at the spin base 10, and the 
upper part location outside a splash guard 50 (shunting location). 
[0032] 

Free passage connection of the processing liquid nozzle 30 is made at the processing liquid piping 33. The 
end face section of the processing liquid piping 33 has branched, free passage connection of the drug 
solution source of supply 1 7 is made at one branch-line 33a, and free passage connection of the pure- 
water source of supply 18 is made at branch-line 33b of another side. Bulbs 34a and 34b are formed in 
branch lines 33a and 33b, respectively. By switching closing motion of these bulbs 34a and 34b, from 
delivery 30a of the processing liquid nozzle 30, a drug solution or pure water can be alternatively switched 
to the top face of the substrate W held at the chuck pin 14, and the regurgitation and supply of can be 
done. That is, by opening bulb 34a wide and closing bulb 34b, a drug solution can be supplied from the 
processing liquid nozzle 30, and pure water can be supplied from the processing liquid nozzle 30 by opening 
bulb 34b wide and closing bulb 34a. 
[0033] 



In addition, you may make it not a single nozzle but the drug solution nozzle only for drug solutions and the 

pure-water nozzle only for pure water constitute the processing liquid nozzle 30. 

[0034] 

Moreover, the desiccation nozzle 40 is also formed above the spin base 10. The desiccation nozzle 40 is 
constituted by the regurgitation nozzle 41 and the suction nozzle 42. The regurgitation nozzle 41 turns the 
delivery 41a to the direction lower part of a vertical, and is fixed near the point of the nozzle arm 43. The 
suction nozzle 42 also turns the suction opening 42a to the direction lower part of a vertical, and is fixed 
near the point of the nozzle arm 43. That is, the regurgitation nozzle 41 and the suction nozzle 42 are fixed 
to the same nozzle arm 43. The end face section of the nozzle arm 43 is connected with the revolving 
shaft of the rotation motor 48. The regurgitation nozzle 41, the suction nozzle 42, and the nozzle arm 43 
are rotated in a horizontal plane by the drive of the rotation motor 48. 
[0035] 

Rise and fall of the rotation motor 48 are enabled along the direction of a vertical by the nozzle elevator 
style which omits illustration. When the rotation motor 48 goes up and down by this elevator style, the 
regurgitation nozzle 41, the suction nozzle 42, and the nozzle arm 43 which were connected with the 
rotation motor 48 also go up and down along the direction of a vertical. Therefore, the regurgitation nozzle 
41 and the suction nozzle 42 perform rotation actuation in the horizontal plane centering on the revolving 
shaft of the rotation motor 48, and rise-and-fall actuation which met in the direction of a vertical. The 
regurgitation nozzle 41 and the suction nozzle 42 are movable with such actuation between the center-of- 
rotation section upper part location (regurgitation location) of the substrate W held at the spin base 1 0, and 
the upper part location outside a splash guard 50 (shunting location). 
[0036] 

Drawin g 2 is drawing showing the situation of migration in the horizontal plane of the regurgitation nozzle 
41 and the suction nozzle 42. As mentioned above, Substrate W rotates as a core the shaft J which met in 
the direction of a vertical in the horizontal plane with the electric motor 20. On the other hand, the 
regurgitation nozzle 41 and the suction nozzle 42 rotate as a core the shaft X which met in the direction of 
a vertical in the horizontal plane by the rotation motor 48. Here, the regurgitation nozzle 41 and the suction 
nozzle 42 are fixed to the nozzle arm 43 so that it may become the equal distance from Shaft X. Therefore, 
as shown in drawing 2 , both the regurgitation nozzles 41 and suction nozzles 42 that are rotated by the 
rotation motor 48 draw the locus R which goes to the edge section from the center of rotation of 
Substrate W. 
[0037] 

Free passage connection of the regurgitation nozzle 41 is made at the inert gas source of supply 46. That 
is, while free passage connection of the point of gas piping 47 is made at the inert gas source of supply 46, 
free passage connection of the end face section is made at the regurgitation nozzle 41. 
[0038] 

The bulb 44 and the flow control valve 45 are formed in gas piping 47. By closing motion of this bulb 44, the 
existence of the regurgitation of the inert gas (for example, nitrogen gas) from delivery 41a of the 
regurgitation nozzle 41 can be switched. That is, nitrogen gas can be breathed out and sprayed on the top 
face of the substrate W held at the chuck pin 14 from delivery 41a of the regurgitation nozzle 41 by 
opening a bulb 44. A flow control valve 45 has the function which controls the flow rate of the nitrogen gas 
which adjusts the flow rate of the nitrogen gas which passes gas piping 47, and is breathed out from the 
regurgitation nozzle 41. 
[0039] 

On the other hand, free passage connection of the suction nozzle 42 is made in the source 86 of suction. 
That is, while free passage connection of the point of the suction piping 87 is made in the source 86 of 
suction, free passage connection of the end face section is made at the suction nozzle 42. In addition, a 
vacuum pump can be used as a source 86 of suction. 
[0040] 

The bulb 84 and the flow control valve 85 are formed in the suction piping 87. By closing motion of this 
bulb 84, the existence of suction of the circumference ambient atmosphere from suction opening 42a of 
the suction nozzle 42 can be switched. That is, the ambient atmosphere which touches the top face of the 
substrate W held from suction opening 42a of the suction nozzle 42 at the chuck pin 14 can be attracted 
by opening a bulb 84. A flow control valve 85 has the function which controls the flow rate of the gas which 



adjusts the gas flow rate which passes the suction piping 87, and is attracted from the suction nozzle 42. 
[0041] 

Actuation of bulbs 44 and 84, flow control valves 45 and 85, the rotation motor 48, and an electric motor 
20 is controlled by the desiccation control section 90. The desiccation control section 90 is constituted by 
the computer equipped with CPU, memory, etc., and when this CPU executes a predetermined processing 
program, it controls actuation of bulbs 44 and 84, flow control valves 45 and 85, the rotation motor 48, and 
an electric motor 20. 
[0042] 

By the way, each of the regurgitation nozzle 41 and the suction nozzle 42 turns delivery 41a and suction 
opening 42a to the direction lower part of a vertical, and is fixed near the point of the nozzle arm 43. 
Therefore, while nitrogen gas is breathed out towards the direction lower part of a vertical from the 
regurgitation nozzle 41, from the suction nozzle 42, the ambient atmosphere directly under the direction of 
a vertical will be attracted. Moreover, both the regurgitation nozzles 41 and suction nozzles 42 that are 
rotated by the rotation motor 48 draw the locus R which goes to the edge section from the center of 
rotation (shaft J) of Substrate W. Therefore, the nozzle arm 43 will be rotated by the rotation motor 48 so 
that the locus R which goes to the edge section from the center of rotation of the substrate W which the 
attainment point of the gas breathed out from the regurgitation nozzle 41 rotates may be drawn, and so 
that the locus R which goes to the edge section from the center of rotation of the substrate W also turning 
around the point where the ambient atmosphere attracted by the suction nozzle 42 touches may be drawn. 

[0043] 

Next, the procedure of the substrate W in the substrate processor of the 1 st operation gestalt which has 
the above configurations is explained. After the outline of the procedure in the single-wafer-processing 
substrate processor of the 1 st operation gestalt performs etching processing by the drug solution (rare 
fluoric acid) to Substrate W, with pure water, it performs rinse processing which flushes a drug solution, 
and it performs desiccation processing of Substrate W after that further. 
[0044] 

First, while making the spin base 10 project from a splash guard 50 by dropping a splash guard 50 a little, 
the processing liquid nozzle 30 and the desiccation nozzle 40 are moved to a shunting location. The 
unsettled substrate W is handed to the spin base 10 by the carrier robot which omits illustration in this 
condition. And the substrate W concerned is held in a horizontal position by grasping the periphery section 
of the substrate W with which the chuck pin 1 4 was passed. 
[0045] 

Next, while locating the recovery port 57 in the perimeter of the substrate W which the splash guard 50 
was raised and was held at the spin base 10 and it, the processing liquid nozzle 30 is moved to the center— 
of-rotation section upper part location of Substrate W. And the substrate W held with the spin base 10 at 
it is rotated. While carrying out the regurgitation of the drug solution (rare fluoric acid) to the inferior 
surface of tongue of Substrate W from the bottom processing liquid nozzle 15 in this condition, the 
regurgitation of the drug solution is carried out to the top face of Substrate W also from the processing 
liquid nozzle 30. That is, a drug solution is supplied to the front rear face of the rotating substrate W, and 
etching processing is advanced. In addition, little nitrogen gas is breathed out from the gas supply way 19, 
and you may make it prevent the back flow of the drug solution to the gas supply way 1 9 at the time of 
etching processing. 
[0046] 

The drug solution which dispersed from the substrate W which rotates at the time of etching processing is 
caught by a splash guard's 50 recovery port 57, passes opening of the connection member 56, and flows 
into the 3rd effluent tub 39. The drug solution which flowed into the 3rd effluent tub 39 is discharged to 
recovery drain 39b, and are collected from effluent opening 39a. 
[0047] 

In addition, when there is no need of collecting drug solutions, the 2nd receiver 52 is located in the 
perimeter of the substrate W which the splash guard 50 was raised and was held at the spin base 10 and it. 
The drug solution which the drug solution caught by the 2nd receiver 52 flowed into the 2nd effluent tub 
29, and flowed into the 2nd effluent tub 29 is discharged from effluent opening 29a to effluent drain 29b. 
[0048] 



After etching processing of predetermined time is completed, while stopping the drug solution regurgitation 
from the bottom processing liquid nozzle 15 and the processing liquid nozzle 30, the 1st receiver 51 is 
located in the perimeter of the substrate W which was made to go up and down a splash guard 50, and was 
held at the spin base 10 and it. In addition, the processing liquid nozzle 30 stops at the center-of-rotation 
section upper part location of Substrate W. The regurgitation of the pure water is carried out to vertical 
both sides of Substrate W from the processing liquid nozzle 30 and the bottom processing liquid nozzle 15, 
rotating Substrate W in this condition. The breathed-out pure water spreads all over the front flesh side of 
Substrate W according to a rotational centrifugal force, and the washing processing (rinse processing) 
which flushes a drug solution with pure water advances. In addition, little nitrogen gas is breathed out from 
the gas supply way 1 9, and you may make it prevent the back flow of the pure water to the gas supply way 
19 at the time of rinse processing. 
[0049] 

The pure water which dispersed from the substrate W which rotates at the time of rinse processing is 
caught by a splash guard's 50 1st receiver 51, and flows into the 1st effluent tub 28 along the inclination. 
The pure water which flowed into the 1 st effluent tub 28 is discharged from exhaust port 28a to 
abandonment drain 28b. 
[0050] 

With the 1 st operation gestalt, in order to prevent generating of a watermark more effectively, the 
rotational frequency of Substrate W is reduced supplying pure water to the top face of Substrate W from 
the processing liquid nozzle 30 before rinse processing termination, and it considers as the condition that 
the liquid peak (paddle) of the pure water was carried out to the top face of Substrate W, at the time of 
rinse processing termination. The "liquid peak" is in the condition which held the liquid reservoir of pure 
water on Substrate W with surface tension. That is, it is easy to generate a watermark in the interface of 
pure water, oxygen, and a substrate W front face, and by the liquid peak, it reduces such an interface and 
controls generating of a watermark. 
[0051] 

After rinse processing is completed, while stopping the pure-water regurgitation from the processing liquid 
nozzle 30 and the bottom processing liquid nozzle 15, a splash guard 50 is dropped a little and the spin 
base 10 is made to project slightly from a splash guard 50. 
[0052] 

And while moving the processing liquid nozzle 30 to a shunting location, the desiccation nozzle 40 is moved 
to the center— of-rotation section upper part location of Substrate W. At this time, the desiccation control 
section 90 controls the rotation motor 48 so that the regurgitation nozzle 41 is located in right above [ of 
Substrate W / center-of-rotation ] (on Shaft J). In addition, actuation of the bulbs 44 and 84 at the time of 
the desiccation processing explained below, flow control valves 45 and 85, the rotation motor 48, and an 
electric motor 20 is controlled by the desiccation control section 90. 
[0053] 

Rotation of the regurgitation nozzle 41 in alignment with the locus R ( drawing 2 ) turned to the edge 
section from right above [ of Substrate W / center-of-rotation ] is started at the same time it starts the 
nitrogen gas regurgitation from the regurgitation nozzle 41, after the regurgitation nozzle 41 is located in 
right above [ of Substrate W / center-of-rotation ]. The substrate W held with the spin base 10 at it at 
this time is rotated. In addition, suction from the suction nozzle 42 is not performed in this phase. 
[0054] 

Drawing 3 is drawing showing the condition of having started the nitrogen gas regurgitation from the 
regurgitation nozzle 41. While spraying nitrogen gas on the center-of-rotation section of Substrate W from 
the regurgitation nozzle 41, the moisture on the center-of-rotation section concerned is eliminated 
towards the direction of the edge section by rotating Substrate W. And the field where the moisture on 
Substrate W was eliminated becomes large by moving towards the substrate edge section along with Locus 
R, while the regurgitation nozzle 41 has continued breathing out nitrogen gas. Since Substrate W is 
continuing rotation, if such a moisture exclusion field is seen from the upper part, it will serve as an 
approximate circle form. 
[0055] 

An important thing is eliminating it from the edge section, by the centrifugal force by substrate rotation, 
and nitrogen gas blasting from the 1st gas nozzle 41, as the pure water by which the liquid peak's was 



carried out on Substrate W is extruded gradually, and it is not desirable to eliminate moisture rapidly here. 
This is because moisture may disperse, the reattachment may be carried out to Substrate W and it may 
cause new poor desiccation, when moisture is eliminated rapidly, in order to realize such loose moisture 
exclusion — the rotational frequency of the substrate W at the time of desiccation processing — 10rpm - 
360rpm — desirable — 20rpm - 260rpm — it considers as a low rotational frequency comparatively. 
Moreover, the amount of nitrogen gas discharge flow from the regurgitation nozzle 41 is carried out to 
more than 51. / min, and is desirably made into 10 l/min - 80 l/min. Furthermore, in the case of the 
phi200mm substrate W f passing speed in alignment with the locus R of the regurgitation nozzle 41 is made 
into 3 mm/sec - 200 mm/sec, and is desirably made into 6 mm/sec - 1 50 mm/sec. 
[0056] 

Since the regurgitation nozzle 41 and the suction nozzle 42 are fixed to the same nozzle arm 43, both 
nozzles perform rotation in alignment with Locus R to coincidence. Therefore, after the regurgitation nozzle 

41 starts migration from right above [ of Substrate W / center-of-rotation ], the suction nozzle 42 reaches 
right above [ of Substrate W / center-of-rotation ] immediately. And when the suction nozzle 42 is located 
in right above [ of Substrate W / center-of-rotation ], ambient atmosphere suction from the suction nozzle 

42 is started. The amount of suction from the suction nozzle 42 is made into 6 l/min - 350 I/ min. 
[0057] 

Drawin g 4 is drawing showing the condition that the suction nozzle 42 was located in right above [ of 
Substrate W / center-of-rotation ]. It is the field where moisture was eliminated by nitrogen gas blasting 
from the regurgitation nozzle 41 near the center-of-rotation section of Substrate W, and it already attracts 
the ambient atmosphere which touches the same field as it by the suction nozzle 42. Even if it is the field 
where moisture was eliminated by nitrogen gas blasting from the regurgitation nozzle 41, the moisture 
which permeated the clearance between detailed patterns etc. was not dried easily, but the moisture of 
ultralow volume may remain. While sucking up the moisture which remained to ultralow volume with 
negative pressure to a detailed pattern etc. by attracting the ambient atmosphere which touches such a 
field from the suction nozzle 42, ultralow volume residual moisture can also be completely removed by the 
flow of the air which flows into suction opening 42a from the circumference of the suction nozzle 42. 
[0058] 

Namely, the role is classified by the nitrogen gas regurgitation from the regurgitation nozzle 41, and 
ambient atmosphere suction from the suction nozzle 42. In order that the regurgitation nozzle 41 may 
eliminate gently the moisture which can be viewed by spraying nitrogen gas on the pure water by which the 
liquid peak was carried out to the front face of the rotating substrate W from the substrate edge section, 
nitrogen gas Discharge, The suction nozzle 42 performs ambient atmosphere suction in order to make a 
detailed pattern etc. dry completely the moisture which remained to ultralow volume by attracting the 
ambient atmosphere which touches the same field as the field where moisture was eliminated by the 
regurgitation nozzle 41. In addition, even after starting ambient atmosphere suction from the suction nozzle 
42, exclusion of the moisture which continued the nitrogen gas regurgitation from the regurgitation nozzle 
41, and was piled on Substrate W is continued. Moreover, migration towards the substrate edge section in 
alignment with the locus R of rotation of Substrate W and the regurgitation nozzle 41, and the suction 
nozzle 42 is also continued. 
[0059] 

Drawin g 5 is drawing showing the process which the regurgitation nozzle 41 and the suction nozzle 42 
move towards the edge section from right above [ of Substrate W / center-of-rotation ]. Performing 
ambient atmosphere suction from the nitrogen gas regurgitation and the suction nozzle 42 from the 
regurgitation nozzle 41, when the nozzle arm 43 rotates, the moisture on Substrate W is gradually 
eliminated from the edge section by nitrogen gas blasting from the regurgitation nozzle 41, and minute 
amount residual moisture is immediately removed also for the moisture exclusion field by ambient 
atmosphere suction from the suction nozzle 42. 
[0060] 

Soon, when the regurgitation nozzle 41 reaches right above [ of Substrate W / edge section ], the nitrogen 
gas regurgitation from the regurgitation nozzle 41 is stopped. The moisture by which the liquid peak was 
carried out at this time and which can be viewed is eliminated from Substrate W. In addition, ambient 
atmosphere suction from the suction nozzle 42, rotation of the nozzle arm 43, and rotation of Substrate W 
are continued. 



[0061] 

The suction nozzle 42 reaches right above [ of Substrate W / edge section ] immediately after that. 
Drawin g 6 is drawing showing the condition that the suction nozzle 42 was located in right above [ of 
Substrate W / edge section ]. If the suction nozzle 42 reaches right above [ of Substrate W / edge 
section ], ambient atmosphere suction by the suction nozzle 42 will be stopped. At this time, the moisture 
which remained to ultralow volume on the whole top-face surface of Substrate W is also removed 
completely, and the whole surface of Substrate W is dried. 
[0062] 

Then, the rotational frequency of Substrate W is further made high, and finishing desiccation is performed, 
the rotational frequency of the substrate W at this time — 800rpm- it takes desirably for the high 
rotational frequency of 1 0OOrpm - 3000rpm 4000 rpm. 
[0063] 

Termination of finishing desiccation processing of predetermined time suspends rotation of the substrate W 
held at the spin base 1 0 and it. Moreover, the processing liquid nozzle 30 and the desiccation nozzle 40 are 
moved to a shunting location. When the carrier robot which omits illustration picks out the substrate 
[ finishing / processing ] W from the spin base 10 and takes it out in this condition, a series of substrate 
processings are completed. 
[0064] 

As mentioned above, the moisture which remained to ultralow volume can also be completely removed to a 
detailed pattern etc., and it can be made to dry the field concerned completely by attracting the ambient 
atmosphere which touches the same field as the field on the substrate W with which the moisture in which 
the liquid peak was first carried out by the nitrogen gas spraying from the regurgitation nozzle 41, and 
which can be viewed was gently eliminated from Substrate W, nitrogen gas was sprayed and moisture was 
eliminated by the regurgitation nozzle 41 from the suction nozzle 42. Consequently, it becomes possible to 
remove quickly and completely the moisture adhering to the front face of Substrate W, without using IPA, 
and it can be stabilized and the front face of Substrate W can be dried certainly. 
[0065] 

In order to be stabilized and to dry the front face of Substrate W certainly with the combination of nitrogen 
gas blasting and ambient atmosphere suction to such same field, the one where the time interval between 
nitrogen gas blasting and ambient atmosphere suction is shorter is desirable. It is because the moisture 
which remained to the detailed pattern etc. at ultralow volume will cause poor desiccation if this time 
interval is long. In the 1st operation gestalt, since the regurgitation nozzle 41 and the suction nozzle 42 are 
fixed to the same nozzle arm 43, the time interval between nitrogen gas blasting and ambient atmosphere 
suction becomes settled with the rotation rate of the nozzle arm 43, and the distance between the 
regurgitation nozzle 41 and the suction nozzle 42. The rotation rate (passing speed in alignment with the 
locus R of the regurgitation nozzle 41) of the nozzle arm 43 is as having mentioned above. Although the 
shorter one of the distance between the regurgitation nozzle 41 and the suction nozzle 42 is desirable from 
a viewpoint of watermark generating prevention, when both nozzles are brought close too much, there is a 
possibility that the nitrogen gas breathed out from the regurgitation nozzle 41 may be attracted by the 
suction nozzle 42 as it is, and both functions may be offset. Therefore, under the conditions mentioned 
above, distance between the regurgitation nozzle 41 and the suction nozzle 42 is set to 3mm - about 
30mm. 
[0066] 

Moreover, although it is so desirable that the suction nozzle 42 is brought close to Substrate W in order to 
acquire the effectiveness of ambient atmosphere suction, mechanical contact for the rotating substrate W 
and the suction nozzle 42 must be prevented. Therefore, distance between suction opening 42a of the 
suction nozzle 42 and Substrate W is preferably set to 1mm - 10mm 0.6mm - 30mm. 
[0067] 

Moreover, while desiccation processing is stabilized by classifying clearly the regurgitation nozzle 41 and 
the suction nozzle 42 into the role which carries out the regurgitation of the nitrogen gas in order to 
eliminate gently the moisture which can be viewed, and the role which performs ambient atmosphere 
suction in order to remove completely the moisture which remained to ultralow volume to a detailed 
pattern etc., width of face can be given to the process conditions (the amount of discharge flow etc.) in 
each nozzle. 



[0068] 

Furthermore, while rotating Substrate W, the locus R by which the attainment point of the nitrogen gas 
breathed out from the regurgitation nozzle 41 goes to the edge section from the center of rotation of 
Substrate W is drawn. And in order to draw the locus R which goes to the edge section from the center of 
rotation of the substrate W also turning around the point where the ambient atmosphere attracted by the 
suction nozzle 42 touches. Ambient atmosphere suction from [ from the regurgitation nozzle 41 ] nitrogen 
gas blasting and the suction nozzle 42 will be performed to the whole surface of Substrate W, it can be 
stabilized and the whole surface of Substrate W can be dried certainly. 
[0069] 

<The 2. 2nd operation gestalt> 

Next, the 2nd operation gestalt of this invention is explained. Drawin g 7 is drawing of longitudinal section 
showing the configuration of the substrate processor of the 2nd operation gestalt. In this drawing, the sign 
same about the same member as the substrate processor of the 1st operation gestalt is attached, and the 
explanation is omitted. It is the installation mode of the desiccation nozzle 40 that the configuration of the 
substrate processor of the 2nd operation gestalt differs from the 1 st operation gestalt, and it is the same 
as the 1 st operation gestalt about a residual point. In addition, although the processing liquid nozzle 30 is 
not indicated in the expedient above fi gure 7 of illustration, the same processing liquid nozzle 30 as the 1st 
operation gestalt exists also in the substrate processor of the 2nd operation gestalt. 
[0070] 

It is fixed to the nozzle arms 43a and 43b from which the regurgitation nozzle 41 and the suction nozzle 42 
differ in the 2nd operation gestalt, respectively although the desiccation nozzle 40 is constituted by the 
regurgitation nozzle 41 and the suction nozzle 42. First, the regurgitation nozzle 41 turns the delivery 41a 
to the direction lower part of a vertical, and is fixed near the point of nozzle arm 43a. The end face section 
of nozzle arm 43a is connected with the revolving shaft of rotation motor 48a. The regurgitation nozzle 41 
and nozzle arm 43a rotate in a horizontal plane by the drive of rotation motor 48a. 
[0071] 

Rise and fall of rotation motor 48a are enabled along the direction of a vertical by the nozzle elevator style 
which omits illustration. When rotation motor 48a goes up and down by this elevator style, the regurgitation 
nozzle 41 and nozzle arm 43a which were connected with rotation motor 48a also go up and down along 
the direction of a vertical. Therefore, the regurgitation nozzle 41 performs rotation actuation in the 
horizontal plane centering on the revolving shaft of rotation motor 48a, and rise-and-fall actuation which 
met in the direction of a vertical. The regurgitation nozzle 41 is movable with such actuation between the 
center-of-rotation section upper part location (regurgitation location) of the substrate W held at the spin 
base 10, and the upper part location outside a splash guard 50 (shunting location). 
[0072] 

On the other hand, the suction nozzle 42 turns the suction opening 42a to the direction lower part of a 
vertical, and is fixed near the point of nozzle arm 43b. The end face section of nozzle arm 43b is connected 
with the revolving shaft of rotation motor 48b. The suction nozzle 42 and nozzle arm 43b rotate in a 
horizontal plane by the drive of rotation motor 48b. 
[0073] 

Rise and fall also of rotation motor 48b are enabled along the direction of a vertical by the nozzle elevator 
style which omits illustration. When rotation motor 48b goes up and down by this elevator style, the suction 
nozzle 42 and nozzle arm 43b which were connected with rotation motor 48b also go up and down along 
the direction of a vertical. Therefore, the suction nozzle 42 performs rotation actuation in the horizontal 
plane centering on the revolving shaft of rotation motor 48b, and rise-and-fall actuation which met in the 
direction of a vertical. It can move between the center-of-rotation section upper part location 
(regurgitation location) of the substrate W with which the suction nozzle 42 was also held at the spin base 
10 by such actuation, and the upper part location outside a splash guard 50 (shunting location). 
[0074] 

Drawin g 8 is drawing showing the situation of migration in the horizontal plane of the regurgitation nozzle 
41 of the 2nd operation gestalt, and the suction nozzle 42. Substrate W rotates as a core the shaft J which 
met in the direction of a vertical in the horizontal plane with the electric motor 20 like the 1st operation 
gestalt. On the other hand, the regurgitation nozzle 41 and the suction nozzle 42 rotate as a core the 
shafts X1 and X2 which met in the direction of a vertical in the horizontal plane by the rotation motors 48a 



and 48b, respectively. Here, both the regurgitation nozzle 41 and the suction nozzle 42 are rotated so that 
it may pass through the center of rotation of Substrate W. That is, as shown in drawin g 8 , the regurgitation 
nozzle 41 rotated by rotation motor 48a draws the locus R1 which goes to the edge section from the 
center of rotation (shaft J) of Substrate W, and the suction nozzle 42 rotated by rotation motor 48b draws 
the locus R2 which goes to the edge section from the center of rotation of Substrate W. 
[0075] 

While free passage connection of the regurgitation nozzle 41 is made at the inert gas source of supply 46, 
free passage connection of the suction nozzle 42 is made in the source 86 of suction. That is, while free 
passage connection of the point of gas piping 47 is made at the inert gas source of supply 46, free passage 
connection of the end face section is made at the regurgitation nozzle 41. Similarly, while free passage 
connection of the point of the suction piping 87 is made in the source 86 of suction, free passage 
connection of the end face section is made at the suction nozzle 42. The bulb 44 and the flow control 
valve 45 are formed in gas piping 47. Moreover, the bulb 84 and the flow control valve 85 are formed in the 
suction piping 87. 
[0076] 

By closing motion of this bulb 44, the existence of the regurgitation of the inert gas (for example, nitrogen 
gas) from delivery 41a of the regurgitation nozzle 41 can be switched. That is, nitrogen gas can be breathed 
out and sprayed on the top face of the substrate W held at the chuck pin 14 from delivery 41a of the 
regurgitation nozzle 41 by opening a bulb 44. A flow control valve 45 has the function which controls the 
flow rate of the nitrogen gas which adjusts the flow rate of the nitrogen gas which passes gas piping 47, 
and is breathed out from the regurgitation nozzle 41. 
[0077] 

Moreover, the existence of suction of the circumference ambient atmosphere from suction opening 42a of 
the suction nozzle 42 can be switched by closing motion of a bulb 84. That is, the ambient atmosphere 
which touches the top face of the substrate W held from suction opening 42a of the suction nozzle 42 at 
the chuck pin 14 can be attracted by opening a bulb 84. A flow control valve 85 has the function which 
controls the flow rate of the gas which adjusts the gas flow rate which passes the suction piping 87, and is 
attracted from the suction nozzle 42. 
[0078] 

Moreover, actuation of bulbs 44a and 84, flow control valves 45 and 85, the rotation motors 48a and 48b, 
and an electric motor 20 is controlled by the desiccation control section 90 like the 1st operation gestalt. 
[0079] 

Each of the regurgitation nozzle 41 and the suction nozzle 42 turns delivery 41a and suction opening 42a 
to the direction lower part of a vertical, and is fixed near the point of the nozzle arms 43a and 43b. 
Therefore, while nitrogen gas is breathed out towards the direction lower part of a vertical from the 
regurgitation nozzle 41, from the suction nozzle 42, the ambient atmosphere directly under the direction of 
a vertical will be attracted. Moreover, the regurgitation nozzle 41 and the suction nozzle 42 which are 
rotated by the rotation motors 48a and 48b draw the loci R1 and R2 which go to the edge section from the 
center of rotation (shaft J) of Substrate W, respectively. Therefore, the nozzle arms 43a and 43b will be 
rotated by the rotation motors 48a and 48b, respectively so that the locus R1 which goes to the edge 
section from the center of rotation of the substrate W which the attainment point of the gas breathed out 
from the regurgitation nozzle 41 rotates may be drawn, and so that the locus R2 which goes to the edge 
section from the center of rotation of the substrate W which the point where the ambient atmosphere 
attracted by the suction nozzle 42 touches rotates may be drawn. 
[0080] 

Thus, with the 2nd operation gestalt, the regurgitation nozzle 41 and the suction nozzle 42 will rotate 
independently mutually. Next, the procedure of the substrate W in the substrate processor of the 2nd 
operation gestalt is explained. As well as the 1st operation gestalt, after performing etching processing by 
the drug solution (rare fluoric acid) to Substrate W, with pure water, the outline of the procedure in the 
single-wafer-processing substrate processor of the 2nd operation gestalt performs rinse processing which 
flushes a drug solution, and performs desiccation processing of Substrate W after that further. Among 
these, since rinse processing is completely the same as the 1st operation gestalt, the explanation is 
omitted. In addition, also in the 2nd operation gestalt, in order to prevent generating of a watermark more 
effectively, the rotational frequency of Substrate W is reduced supplying pure water to the top face of 



Substrate W from the processing liquid nozzle 30 before rinse processing termination, and it considers as 
the condition that the liquid peak (paddle) of the pure water was carried out to the top face of Substrate 
W, at the time of rinse processing termination. 
[0081] 

After rinse processing is completed, while stopping the pure-water regurgitation from the processing liquid 
nozzle 30 and the bottom processing liquid nozzle 1 5, a splash guard 50 is dropped a little and the spin 
base 10 is made to project slightly from a splash guard 50. And while moving the processing liquid nozzle 
30 to a shunting location, rotation motor 48a rotates nozzle arm 43a so that the regurgitation nozzle 41 
may be located in right above [ of Substrate W / center-of-rotation ] (on Shaft J). 
[0082] 

Rotation of the regurgitation nozzle 41 in alignment with the locus R1 turned to the edge section from right 
above [ of Substrate W / center-of-rotation ] is started at the same time it starts the nitrogen gas 
regurgitation from the regurgitation nozzle 41, after the regurgitation nozzle 41 is located in right above [ of 
Substrate W / center-of-rotation ]. The substrate W held with the spin base 10 at it at this time is rotated. 

[0083] 

While spraying nitrogen gas on the center-of-rotation section of Substrate W from the regurgitation nozzle 
41, the moisture on the center-of-rotation section concerned is eliminated towards the direction of the 
edge section by rotating Substrate W. And the field where the moisture on Substrate W was eliminated 
becomes large by moving towards the substrate edge section along with a locus R1, while the regurgitation 
nozzle 41 has continued breathing out nitrogen gas. Since Substrate W is continuing rotation, if such a 
moisture exclusion field is seen from the upper part, it will serve as an approximate circle form. 
[0084] 

In addition, also in the 2nd operation gestalt, the role of the regurgitation nozzle 41 is eliminating gently the 
moisture which can be viewed by spraying nitrogen gas on the pure water by which the liquid peak's was 
carried out to the front face of the rotating substrate W from the substrate edge section like the 1 st 
operation gestalt. For this reason, the rotational frequency of Substrate W, the passing speed of the 
regurgitation nozzle 41, and the amount of nitrogen gas discharge flow from the regurgitation nozzle 41 are 
made comparable as the 1 st operation gestalt. 
[0085] 

With the 2nd operation gestalt, the regurgitation nozzle 41 and the suction nozzle 42 drive independently, 
and after the regurgitation nozzle 41 starts migration from right above [ of Substrate W / center-of- 
rotation ], rotation motor 48b rotates nozzle arm 43b immediately so that the suction nozzle 42 may be 
located in right above [ of Substrate W / center-of-rotation ]. And rotation of the suction nozzle 42 in 
alignment with the locus R2 turned to the edge section from right above [ of Substrate W / center-of- 
rotation ] is started at the same time it starts ambient atmosphere suction from the suction nozzle 42, 
when the suction nozzle 42 is located in right above [ of Substrate W / center-of-rotation ]. In addition, it 
is desirable to make an opposite direction rotate the regurgitation nozzle 41 and the suction nozzle 42 
across the center of rotation of Substrate W in order to prevent interference with the regurgitation nozzle 
41. Moreover, passing speed of the suction nozzle 42 is made into the passing speed of the regurgitation 
nozzle 41, and uniform velocity, and makes distance between the amount of suction from the suction 
nozzle 42, and Substrate W and the suction nozzle 42 comparable as the 1 st operation gestalt. 
[0086] 

It is the field where moisture was eliminated by nitrogen gas blasting from the regurgitation nozzle 41 near 
the center-of-rotation section of Substrate W, and it already attracts the ambient atmosphere which 
touches the same field as it by the suction nozzle 42. Thereby, while sucking up the moisture which 
remained to ultralow volume with negative pressure to the detailed pattern same with the 1st operation 
gestalt etc., ultralow volume residual moisture can also be completely removed by the flow of the air which 
flows into suction opening 42a from the circumference of the suction nozzle 42. 
[0087] 

Thus, also in the 2nd operation gestalt, the role is classified by the nitrogen gas regurgitation from the 
regurgitation nozzle 41, and the nitrogen gas regurgitation from the suction nozzle 42. In order that the 
regurgitation nozzle 41 may eliminate gently the moisture which can be viewed by spraying nitrogen gas on 
the pure water by which the liquid peak was carried out to the front face of the rotating substrate W from 



the substrate edge section, nitrogen gas Discharge, The suction nozzle 42 performs ambient atmosphere 
suction in order to make a detailed pattern etc. dry completely the moisture which remained to ultralow 
volume by attracting the ambient atmosphere which touches the same field as the field where moisture 
was eliminated by the regurgitation nozzle 41. In addition, even after starting ambient atmosphere suction 
from the suction nozzle 42, exclusion of the moisture which continued the nitrogen gas regurgitation from 
the regurgitation nozzle 41, and was piled on Substrate W is continued. Moreover, migration towards the 
substrate edge section of rotation of Substrate W and the regurgitation nozzle 41, and the suction nozzle 
42 which met loci R1 and R2, respectively is also continued. 
[0088] 

Thus, by attracting the ambient atmosphere which touches the same field as the field on the substrate W 
with which nitrogen gas was already sprayed and pure water was eliminated by the regurgitation nozzle 41 
by the suction nozzle 42, the moisture on Substrate W is gradually eliminated from the edge section by 
nitrogen gas blasting from the regurgitation nozzle 41, and minute amount residual moisture is immediately 
removed also for the moisture exclusion field by ambient atmosphere suction from the suction nozzle 42. 
[0089] 

Soon, when the regurgitation nozzle 41 reaches right above [ of Substrate W / edge section ], the nitrogen 
gas regurgitation from the regurgitation nozzle 41 is stopped. The moisture by which the liquid peak was 
carried out at this time and which can be viewed is eliminated from Substrate W. The suction nozzle 42 
reaches right above [ of Substrate W / edge section ] immediately after that. If the suction nozzle 42 
reaches right above [ of Substrate W / edge section ], ambient atmosphere suction by the suction nozzle 
42 will be stopped. At this time, the moisture which remained to ultralow volume on the whole top-face 
surface of Substrate W is also removed completely, and the whole surface of Substrate W is dried. 
[0090] 

Then, the rotational frequency of Substrate W is further made high, and finishing desiccation is performed. 

The subsequent procedure is the same as the 1st operation gestalt. 

[0091] 

thus, even if it carries out, the same effectiveness as the 1 st operation gestalt is acquired — in addition, 
with the 2nd operation gestalt, it can bring close, without producing the phenomenon in which the nitrogen 
gas breathed out from the regurgitation nozzle 41 is attracted by the suction nozzle 42 as it is in the 
distance to the regurgitation nozzle 41 and the suction nozzle 42 from the center of rotation of Substrate 
W. This becomes possible [ narrowing further the time interval between nitrogen gas blasting and ambient 
atmosphere suction ], it can be stabilized more and the front face of Substrate W can be dried certainly. 
[0092] 

<3. modification> 

As mentioned above, although the gestalt of operation of this invention was explained, this invention is not 
limited to the above-mentioned example. For example, although nitrogen gas was used as inert gas which 
carries out the regurgitation from the regurgitation nozzle 41 in each above-mentioned operation gestalt, it 
is not limited to nitrogen gas and other inert gas (for example, helium) may be used. Moreover, it replaces 
with inert gas and may be made to carry out the regurgitation of the gases, such as air, from a gas nozzle. 
But a desiccation result with better using scarce inert gas for reactivity is easy to be obtained. Moreover, 
to spray air on the semi-conductor substrate with which the detailed pattern was formed, it is necessary 
to use the fully normalized clean air. 
[0093] 

Moreover, each of the regurgitation nozzle 41 and the suction nozzle 42 is not limited to turning delivery 
41a and suction opening 42a to the direction lower part of a vertical, and being fixed to a nozzle arm, and 
may be fixed to a nozzle arm with an inclination posture. 
[0094] 

Moreover, although the substrate processor of each above-mentioned operation gestalt was performing 
drug solution processings, pure-water rinse processings, and all the desiccation processings, after 
conveying the substrate W to which drug solution processing and pure-water rinse processing were 
performed with other equipments to the substrate processor of each above-mentioned operation gestalt, it 
may be made to perform additional pure-water rinse processing and desiccation processing. 
[0095] 

[Effect of the Invention] 



As mentioned above, as explained, while eliminating moisture from the edge section of a substrate by 
spraying a gas on the pure water by which the liquid peak was carried out to the front face of the rotating 
substrate from the 1st nozzle according to invention of claim 1 In order to attract the ambient atmosphere 
which touches the same field as the field on the substrate with which the gas was sprayed and moisture 
was eliminated by the 1st nozzle by the 2nd nozzle and to dry the field concerned, The moisture which 
remained to ultralow volume on the surface of the substrate can also be removed completely, it can be 
stabilized and the front face of a substrate can be dried certainly. 
[0096] 

Moreover, since the locus which goes to the edge section from the center of rotation of the substrate 
which the point where the ambient atmosphere attracted by the 2nd nozzle touches rotates is drawn while 
drawing the locus which goes to the edge section from the center of rotation of the substrate which the 
attainment point of the gas breathed out from the 1 st nozzle rotates according to invention of claim 2, it 
can be stabilized and the whole surface of a substrate can be dried certainly. 
[0097] 

Moreover, while eliminating moisture from the edge section of a substrate by spraying a gas on the pure 
water by which the liquid peak was carried out to the front face of the rotating substrate from the 1 st 
nozzle according to invention of claim 3 In order to attract the ambient atmosphere which touches the 
same field as the field on the substrate with which the gas was sprayed and moisture was eliminated by the 
1st nozzle by the 2nd nozzle and to dry the field concerned, The moisture which remained to ultralow 
volume on the surface of the substrate can also be removed completely, it can be stabilized and the front 
face of a substrate can be dried certainly. 
[0098] 

Moreover, since the locus which goes to the edge section from the center of rotation of the substrate 
which the point where the ambient atmosphere attracted by the 2nd nozzle touches rotates is drawn while 
drawing the locus which goes to the edge section from the center of rotation of the substrate which the 
attainment point of the gas breathed out from the 1 st nozzle rotates according to invention of claim 4, it 
can be stabilized and the whole surface of a substrate can be dried certainly. 
[Brief Description of the Drawings] 

[Draw ing 1] It is drawing of longitudinal section showing the configuration of the substrate processor 
concerning this invention. 

[Drawing 2] It is drawing showing the situation of migration in the horizontal plane of a regurgitation nozzle 
and a suction nozzle. 

[ Drawin g 3] It is drawing showing the condition of having started the nitrogen gas regurgitation from the 
regurgitation nozzle. 

[ Drawin g 4] A suction nozzle is drawing showing the condition of having been located in right above [ of a 
substrate / center-of-rotation ]. 

[Drawing 5] It is drawing showing the process which a regurgitation nozzle and a suction nozzle move 
towards the edge section from right above [ of a substrate / center-of-rotation ]. 

[ Drawin g 6] A suction nozzle is drawing showing the condition of having been located in right above [ of a 
substrate / edge section ]. 

[Drawing 7] It is drawing of longitudinal section showing the configuration of the substrate processor of the 
2nd operation gestalt. 

[ Drawin g 8] It is drawing showing the situation of migration in the horizontal plane of the regurgitation 

nozzle of the 2nd operation gestalt, and a suction nozzle. 

[Description of Notations] 

10 Spin Base 

20 Electric Motor 

40 Desiccation Nozzle 

41 Regurgitation Nozzle 

42 Suction Nozzle 

43, 43a, and 43b Nozzle arm 
48, 48a, and 48b Rotation motor 
90 Desiccation Control Section 
W Substrate 



[Translation done.] 
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p±tbyx;u4 i (i^t4**^tt#&^4 6 KmmiggiZii'c^&o -r^ioio^ #*ge<t4 7 

[0 0 3 8] 

^r^@e^4 7Ktt^V'X4 4 33 J:*m*pg#4 5 *P*tS:*t t> ftT w £<> dcTV^vy 4 4 <7) 
i^ciot, ittitiyX;w4 1 <7>ttttB □ 4 1 difrh^t&^JT* (M^tfMMtfx) <DVt 
m<Vft$b**BiQ%>:Z.&Zbi) i X*£& 0 -TKioib, 4 4 £§§&-f£ -T «h K X oTittai 

SX)U4 1 <7>q±mP4 1 a y 9 tf > 1 4 S *l;t^KW<7}±ffiKliE#y> £ 

q±mLT^i#lt^>- t^t^o 5iE*PS^4 5(i, #J*@et4 7 *M&-f& Mm*"* 

'[0 0 3 9] 

— ©?|yX;u4 2 ttP&3l?S8 6 ^iiit^StiT^&o 1"&;b^ BS?me«87<7)3fe 

tlT^&o £33, ®II?I8 6 i: U-Cfi^J£ff*^*°> X^fflv^ i <h^-^§ -g> 0 
[0 0 4 0 ] 

^l@£W8 7i:ii/^V78 4 33 Xl/MMm&ftS 5 *) s I£&t £ tlTi/^o i<0A;i/7 8 4<0 
PgP^^ioT, i^?|yX;U4 2<7)iS?lP4 2 a ^^M^H^®? I comm*® ^ 

4 2 a y * fcT> 1 4 K{Sjy$3 ft£^&W<£>±®K3g-*-&#H$c£flR3li-& £ trt* 

TiS, ^*Pfefr8 5f*> ^?l@eW8 7 ^iiali-^^:#3it«^PMLT^?|yX;i/4 2 

^ m 1 s ti & %fc<D mm * mm •+ mm * m-t & 0 

[0 0 4 1 ] 

8 4> 3fE*3li£#4 5, 8 5 , ®W)*- * 4 8 £ <fc tfMIK- 9 2 0 Oi&ft 
fi|£$tf«WS& 9 0 KJioTfWSPSJi-c^fco l£*W»fS9 0 ti\ C PU^t'J^^M 

fcfc «fc «9 a*;VX4 4, 8 4 , iHESS!&#4 5 , 8 5 , - * 4 8 £ «t t/mtK - 9 2 

o<^ijjf^$rW#Pi-^.o 

[0 0 4 2] 

fttmy>C;v4 1 3s J: V ®3 1 y X )\> 4 2<9^ti-r*Ui^ tilth P 4 1 a> 
2 a H&E^T^C[S]lt"C7X;v7-A 4 3 <*>3fc$ffi»ffi#fcH8*3 *i"C^4 0 iot, 
q±tiiyX;U4 1 d^{il&S^[Rl' 1 f^twfq]Jt"r^*'^^iltai?tL«2) t t 4>JC, 
4 2 7^fi>e^£&E:frfMT^#B^m3l ?*L4i t t %2>o I/:, 0ij^-^4 8H 
«koTlBlibSit-6i±tb>'X;W4 1 & X U?yk?\S X;i/4 2 (i <h *b ^c^^W<7)[EIfe4 , ^ (tt J 
) ^«bC^^tfp]^9iiia : R**5S< o ^oT, tihtb^X;v4 1 tf^Sttb $ *t*$c#opj 

51 y X;u4 2 H<t oT[R5iai*L4^H^«-r4ilfe^ ! blHl*g§ *L*3fe«WOll4i4 , 'C.^^ 
Sft»SB^i:l^*^ftB : R ! S:fll< y X^r- A 4 3 fiSH&^e-^ 4 8 K£ *) 0®j? 

*Li d <t t 
[0 0 4 3] 
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[0 0 4 4] 

if, 7/r> lsx.iT- K 5 0 ^fT»$*4iitioT, X fcT V^-X 1 0 
yyZ/a.iT- K5 0 frh£:&&Z*£2> t t *>fc, jekSJKy X A/ 3 0*J:M;XjM 0 

waMRw**^ tr > ^- * i o u ?s s tt^, o ^ lt, \ v ? a > 1 4 s *i*:&kw<e> 

[0 0 4 5] 

*zf*7vZ/z-1f - K5 0 *±#3*T;*fcf 1 0£ icr-e^Licfiijf StLfcgfe 

«W<7)J§BKtslJK*°- h 5 7 £ t & M, JMfftyXfl/ 3 0 *&*W<&EH£4' 

n tent tar* £ 1 1>»-> MjaTft^x^a o*^4>Ki7S*s*wo±ffitwid:ai-r*o ^i«5 

\ EllS-r *S*W<^^*ffi^ai fft *^*&LTiyf->^ftka* jiff £«o xy* 
>^«kI^K, 1 9 3^£>^*<7>^#J*£ti:m LT^#gt#frS& 1 9 ^ 

j£8lt£l*jfc-*-* «t 9 K LTfciL^o 
[0 0 4 6] 

&tf 0 »3«#3 9 K^Efi^/imam. mep3 9 a^sucz > 3 9 b^tsf 

[0 0 4 7] 

-X 1 0 &±U s Z1XK&n2fttz&fcW<DmmKm2'§:ik : &5 2 £fcS$-£& 0 B2g± 
£&5 2iZ*vT&\fik#>htl*:mmt, & 2 2 9i:»M, # 2 *#$tff 2 9 fc* 

J«n2 9 a^yft Ku^f > 2 9 b^tm&zti&o 

[0 0 4 8] 

^r^B#K<7) jl y ^s ^IWTLfct, TlBI*!ka?ay X;n 5 £ «fc ifJOslfty X* 3 0 
oMtSTfty X;v 3 0 is «t tfTfflUSySTfcy Xjh 5 ^t>itt**&*W<*>±TWfflfcittai-*-* 

zflc^ffi-rfofrtm. c; y^nsM) rfMft-r&o >; vx 53.3a m^&^x 

[0 0 4 9] 

«; >X#kHfSH^ EI4S-r*3fe«Wri*fc!feftLfc#lJ*ti;*X9 y s^1T~ F5 0<7)^l$it 
£B5 n: J:oTS»tiba&e>*u f«i:j&ot^ 1 2 8 fcaEti&fro * HfftRtt 

2 8 KffiH&A;t£mfcli, mmU2 8 a K W > 2 8 b ~*£#ai $ *l& 0 

[0 0 5 0] 

feTiftKymm; x;w 3 0 7)^^w^±®^^7Jc^«^loo^w^h^^^^t? 

[0 0 5 1 ] 

'J > X^a^i^T L fcft, i?ka?ft y X fl/ 3 0 is J: CfTflUMifty X jh 5 ^ ^ (7)^7jci±tB 
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K5 0 j&*f>=b1* mS-Mo 

[0 0 5 2 ] 

w<7)[g^4 i ^a± (wj±) K&.W'r&x o Kmm*-* 4 8 &mm-$-& 0 

UiW"^*$&i»«fcai^»wi3»t*^^7'4 4, 8 4 , itpil^ 4 5 , 8 5 , Hift^e- * 4 8 

[0 0 5 3 ] 

BfctfjyX;P4 l ^g^W^E^^'kfiifcteitLfc^ ttaiyX;v4 1 4*&0>&%;itr.Kitt 
m£H#r*-& tl^K. S«W<^laI<S4'^ii[±^P>«8»gJK:iaittT<^tt»R (13 2) Kr& 
o^itttby X;U4 1 <7>[Uifr£§§&J-r&o 1 0 t t iiK-ZtlKfk 

&2tltzmm!i>®fr$ J £2>o -roKPTeidU ^?|yX)V4 2^?>«!>iR5l»ifT*>4: 

[0 0 5 4 ] 
[0 0 5 5 ] 

Xjb4 1 frh<om%#Xfc%UWtK£vXmte&frh&*KWLm-f£ 1 K LTiit 

i|K&ti 10rpm~ 360rpm> L<li2 0 r pm- 2 6 0 r p m<D}tmmi&m&; 
$Cii-r& 0 $tz, Bttby Xjl/4 1 frt><DmmtfX\±&Mmit 5 l /m i nJJllt L, li 
L < »i 1 0 1 /m i n ~ 8 0 1 /m i n h-?Z><> 3 fcK, (tt£tjy X;P4 1 (DWiBR KB-o 
tz&Wli&Btlt* 0 2 0 0 mm^SW^i^, 3 mm/ s e c - 2 0 0 mm/ seciL 
Si L< (i6mm/s e c — 1 5 Omm/s e c ttJ 0 
[0 0 5 6 ] 

Hfcffi y X ;u 4 1 J3«fctm3|y X;i/ 4 2 ttffi — <7)7 X;WT- A 4 3 MHaSS *LT^& 

M> XjWilWf^K&i&RKf&ofctlll&^T 9 o fct, itttfiyX;i/4 1 a^^W^EUS* 

j&>fc<^fflSWR3l*H*&-rSo "St3UX;i/ 4 2 59^^«3l*li 6 1 /m in- 3 5 0 1 / 
mi ni:tl)o 
[0 0 5 7 ] 

12 4 1*. !S3|yX;i/4 2^S«WOlII^ft 3 ^B±^-££mL/ct>ci^^-ril-e*^o K«W 
oiUlg^^SPJfi^fiaKithtfjy Xji/4 l j^£<?)^#.xi»fc £tt*tK «fc oT7jcfr^»£ *i 
^ttfcffi-^ttfcgrJ-fc^H&fcKSUX;^ 2 K<fc II"* 

- > <ommm~9:&Ltz7kfrtemM,K imm mum <ojkfrtm®Lx 

X;u4 2<z>JSjfla*&ift3lP4 2 a fc3t*i£tr2S*W>«G*Lfc J: ^fgfc*^^*^*: <b5££ 
[0 0 5 8 ] 
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-*-£&4>£&X:*r;i&lttfbU ®?|yX;P4 2 fittm y X ;u 4 1 K cfc o TtIc^^PI^ £ H 

£HSWR3l£l§*&Lfc& i i>, ntmyX;W4 1 tf^O^^XtttmS-iggfi 1 L"C£;&W±K& 

4 2Wtt»R^?&o/l:S«aiS8»g|JJC|pI»t-C<^»i&<>«gfi : $*L4o 
[0 0 5 9 ] 

0 5»i, itttbyX;u4 1 Jsitt'tRSly X;V4 2 j&«£«W?>IIUS't' ^fi±^t> SfiMSW-Gn* 

[0 0 6 0 ] 
[0 0 6 1 ] 

gRS±^U3i-r*fc> R5|yX;i/4 2 ^J:*^H$ciR5l*flfJt-r&o -^B#^T\ g«W 

/K' ^> o 
[0 0 6 2 ] 

fi, 800 rpm~4000rprru I! L<li 1 0 0 0 r pra- 3 0 0 0 r pm^lHI 
[0 0 6 3 ] 

9f5E»*M«5tt±lflB**«!3l**il*Ti-* XhfV?-Xl 0 t3£V*tUZft&2*Ltz&R 
W<*>®4££1£iL-*-*o «tyX;V3 0*s«fcO i $£*&yX;i/4 0 ZWM&Wit 

[0 0 6 4 ] 
[0 0 6 5 ] 

i^lyX^M 2 — (7)7 X;UT- A 4 3 UlSHTi/'ifc*, # X?fc £tf»t 
t#H^^lt^ra<7>^MMRm, 7X;UT-A 4 3 coIHI&jS^^ J: C^qtlUy Xju 4 1 t 
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iR?iyX;i/4 2 b<Dm<D3&mK X oTSeUo 7 X;UT- A 4 3 <7>[e]KjiIJg ((±m./X;v 
4 i^>tt*RKi&ofc3iH&iSflE) »4±aLfca«9 o ftttbyX;P4 l t X)V 4 
2 fcoW^BEMUi* ->*-^-"7-^*^Kfjh^>ttjftd*^li«^^*«iiF* W^X 
*) na^»t1-y* tittaiyX;i/4 1 ri^ittW $ *i>fc MS 2fx * * X 

fi. qtaiyX;P4 1 £i&3|yX;P4 2 t ^M^SESIfi, 3 mm- 3 OmmflJgi: LTi3 < 

[0 0 6 6 ] 

> leI4Ei-*^*WtiR3l>'Xjl/4 2 t^WW^ttJiHfitL'&Jtttl/^^^^o ^oT> 
«R5|yX;P4 2<0^3ln4 2 a t I«Wi <0WOSBJ5tti 0 . 6mm~3 0mnu &£L< 
ii 1 mm- 1 Ommtt^o 
[0 0 6 7 ] 

X;W4 1*5^^18151^X^4 2 *Wm^\Zfr-t2>ZkK£ <9 > Sa**yffiri<£5e-*-* £ 
[0 0 6 8 ] 

R£#Kfc*!>, ^«WOi&MHML"ri±ai^X;i/4 1 ^feat^ftg#tt* «fc Xfty&Y; 

[0 0 6 9 ] 

< 2. %2%Wt,%> 

o ^ T ii HI - <^-i§- £ffr t T * <D gi^ S-#B&-r S o US 2 *Jfc^&8 ^ S«^31^ W<r>m$u 

^ifc^®tPit:-c**o m^<7)>(£^:±|gi7 i:ti*ityx^3 o SriB^ur^^v^ 

o 

[0 0 7 0 ] 

^yX;H 0 ttntttty X^4 1 *3 <fc O^SI y X;v 4 2 K J: offlUSStlTv*** 5 . #2 
*Jfc3&S8K*^T »iithtfiy X;i/4 1 £ <fc CfiR5|y X;p 4 2mWH44>'X*7-i 
4 3 a, 4 3b tSK$*it^£o tf, fttaiyX;W4 1 tt, <€-£>i±fcbP4 1 a 
lRlT*Ki|qI»t*Cy X;PT- A 4 3 a<a$fcSffigPiS#fcS&S*L"C^*o ^ X;WT- A 4 3 a 
<^S3l»SRtiiai&*- ^48 a<^lie«l^aje$*L-C^*o mW)^~ ? 48a Offiftfc J: o 
THtmyX^4 1 £J:?>VX;i/T-A 4 3a (i^ffiW^THIlji-^o 
[0 0 7 1 ] 

016*-* 4 8 a tt&^£#B&i-&y X/i/#r.RMBfl|fc <t oT#&S^fSJ^?&c»-r#I^^^Et 
$*LT^4o 8#*«M*fc J:ot@i*-^ 4 8 a^HtiittJ: <9> HH&^e-^ 4 
8 a K&ifc3:Hfcitf:ajyX;u4 1 £ J: Xjut- a 4 3 a fcl&E^lRjKr&o mfe-rz 
o ftot, (ttaiyX;P4 1 {iHift^e- ^48 a^m^ttSr'f'i:^ Lfc*¥Mrt _ C^)|BlSbi& 
ft££&E#ftKf&o7t#l$i&ft£ £^t?<> ^<75J: 9 fti&fM-<fc «9RtaiyX;l/4 Hi, 7, M 
>^-y 1 0 tL/:SW^HIS*^±Mf (fthmtfcli) ^^?r>aJiT- 

[0 0 7 2 ] 

— iftSly X;i/4 2 ii, ^0(R5IP 4 2 a *$&S^lRlT*r^lPl»fCy X;wr- A 4 3b 
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<*>3fc3ffiSR3£#fcBffi3*l"C^*o J X)VT- A 4 3 b Mt El »^E- * 4 8 b<7)HJ<?£ 

*Kae?*iri>4 0 ®W)*-? 4 8 bOffiUffc «t oT%5|y X)l/4 2 £«fc OVX;i/7- 
A 4 3 b fi7ic¥®f*I^TIiIiij-r^o 
[0 0 7 3 ] 

mm*-? 4 8 b *bia**#iii&i-syX;i/#^«^j:oTi&E^io]nf&o-r#is%s^t 
3*ir^4o m&&®mK * mm*- ? 4 s b3&<#»-*-*£ ttct >k nii^- * 4 

8 b KjI*£?*i£*3|yX;u4 2^J:0 ! ;X)P7-a 4 3b fclfriS:£|n]fci&oT#Br*-& 
o lot, iR3|yX;P4 2 fiHi&^e- * 4 8 b<a®l5tt£+'k*: LfczMFffiW"Ctf>l!l&I& 

[0 0 7 4 ] 

H8I4, H2*J&^jiOitttfjy X)W4 1 £ «fc 0**31 ^ X* 4 2 WW IIB- 

Sr^-TH-CJfeio ^ 1 ^JfeB^i: mffiK. MWNitm.W)*- 9 2 0 K J: oTtK^FBW^T 
«&E*lRlt?&ofc«i J LTIH^^tL^o — BtaiyX;i/4 1 iScfct/WlyXjl/ 

4 2 (i^tt-rttleliJj^-^ 4 8 a, 4 8 b «fc o TtK^M 1*1 fcTttfi^fl] fci&o X 1 
, X 2 LTIiSili, £ £T\ tttttjy X)W4 1 £ £0**31^X^4 2 fi £ 

^^w^iii^^'L^ii^'r^ <t 9 KHJi&sat&o las k^-tj: i mW}*- 

9 4 8 a JioTlBll&Stt&Btai^X;^ 1 {i^W^dlfett 3 ^ (W J ) ^£>»£B^<h 
IrIjM*l*R 1 dift^-^4 8 b <fcoT(li!j^a&*f|yX;i/4 2 t4S«W<7) 

[0 0 7 5 ] 

tttttJyXji/4 1 li^&14#\*0M&«U 6 K&iigMggsti* i: i: fcfc, *3I^X;u4 2 14* 
5liS8 6tUiS«6?*L-C^4o "T&fc^ ^fif 4 7 0^feSffiSU^mi4^X«jp&ffli4 
6 KiftiI^£tL& £ fc fcfc, -?-<£>^3W4lthfcb X^ 4 1 JIJigMfc 3 *i * <, l^flMw, 

4 2 tCj£&&K3*l* e *fxBEW4 7 Kt4/-?;i/X4 4 J3 J: 0*tfit«: M# 4 5^tt«bttT 
v>*o *3lg£t8 7 KI4/-OWX8 4 is iO 5 ^*^^ 5&WtH t>tlX^& 0 

[0 0 7 6] 

£<7)/*;i/X4 4 <DfflfflK£ ot, (tfctBvX;V4 l</)etibP4 1 a tf^O^fS'fttf X («i 
HJ:oTitfcm^XjW4 l<7)ftt&P4 1 asd^-f-^ t?> 1 4 jfcfcatfRWO 
a^&IS^#x<7r^*£ML-CitttB/ X;W4 1 ^ kafcfti £ at*g£#Xtf>3IEa*ft!lftl 
[0 0 7 7] 

^;wX8 4 ^MKioT, *3|yX;v4 2<^*5lP4 2 a j^f>?>JSafi#H*t?>* 
3I<0^(S£1B 9 -T^=b*>. /^U78 4 CI K X oT*3l 

yX)W4 2 0*3IP4 2 a^^f-iry ^ 1 4 *L7fc£«W«)_tB 
Mt?miH 5 t|l» 0 8 5 (4, *3IEW8 7 *t#3E**MSE 

UT*?|yX)W4 2 ^P>*5IS*L*$C#<D'3IE**fW1lp-t--6«t6*^r-*-*o 
[0 0 7 8] 

ifc, l£ 1 tkltm'&k TOK> ^JVX4 4 a, 8 4, IliSf 4 5, 8 5 .0i&^-^ 
4 8 a, 4 8 b J3<fc O-'mi^-* 2 0 ^i&f^f4^^ftiJtpgP9 0 i:J:otii?tLti/^ 0 
[0 0 7 9] 

ftttByX;W4 1 is «fc 0=*3iyX;W4 2 (D^fiffHt, fttfct\P4 1 a , *3IP 4 2 a ££&E 
^TJi:|SHtT7XjV7-A4 3 a, 4 3 b^S(SSPjfi'fi|JCHgg?*LT^«o <toT> 
q±£byX;W4 1 frhtt&M7ifaTXKmf-?:^MJfX&i±iii,2tl& £ £ fcfc* *3UX;i/ 
4 2^t>l4-eo5«&S*lRlST<^^H$C*«*3l$*L4ifci:<j:4 <> ifc, llli}l^e-^4 8a 
, 4 8 bK<fco-C[IJ|&£*l&ittmyXjW4 1 i5j:O f *3l>'X^4 2 {4^ *l-P*l3£«W<^EI 
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1 *ffi< J: 9 fc, j^oiR3|yX^4 2 HcfcoTPR§l?tL^>#H^g-rs^^liI^?tt 
*^«W^EI4g«t>^^?>SS3»gU'vi:[Ri^d ®.%&R 2 £ffi< <fc o fc, yX;ur- a 4 3 a , 
4 3 b fi-eit-etHBUft*- * 48a, 4 8b(:J: <9 tsJi&S *t& d t 
[0 0 8 0] 

i^i^:, «5 2^*SB^-c»ii±ai>' X;w4 1 £ J: on&SI y X;i/ 4 2 *«fflSK:$feit LTEI 

oo^RW<59[II<j£&c£f£TS-£, 'J > *MJl*Tl«*fc li£*Wtf>±BS t#ll**«fftfli <9 
[0 0 8 1 ] 

U >z*I^7 L ;u 3 0 £ J: c^THi^afgy X ;n 5*^ (DmAvt m 
*19jt-r4 t t •yszLif- F5 0 £5gTT»3-li:TX tfV^-y; 1 0 £y ^ 

7 y y a K 5 0 ^ P> tb ? ^So fit, MyX^3 Outfit f: 

feWlZ^Z 1 1 iiK, ntmyX;v4 1 ^«W<7)Iilfe4 J ^fi± (WJ±) KteS-r&J:} 
tBlijj-t- ^ 4 8 a^VX;i/T- A 4 3 a £0i& 
[0 0 8 2 ] 

m^X;V4 1 <*> III x^/^-^iot £ fclc^-tiH^^tL 

££;&W& EI j|£ 
[0 0 8 3 ] 

*«W<?5ia^4'^^fttaiyX;v4 1 ^£>^3f#J*£pfc£tttt& t t S*W*IbI4k 
ttm^X;i/4 ij&<g^#*£ittaiUBSttfc£ £ttl*R 1 t-f&oT^«SjSi»§PMI^»fC#ift 

[0 0 8 4 ] 

sitwcoiiicss 19 3 »t* £ «t «fc oT l*MB&&7k# 

[0 0 8 5 ] 

^2^11^1^ ithmyX;i/4 1 £ J: WR? I y X ;W 4 2 LTIg|&3 *U nhffiyX 

^4 l^«W<7)tlI^4 J ^>fi±75^#t{j^^^LT^jbaC^ > iR5|yX;W4 2 t^SW 
Oll^4 3 'C>E±^'C£W'r'l> 0 ^tSlft-t- ^48 b#VX;i/T- A 43b £Hli&S-£&o 
fit, iR5|yX;u4 2^^w^>ta^4 , ^ie±tci£®L^:^-e, «t?|yX^4 2 
^>#H5WR5l*l3ft&-r*i:l^l^^ % S«W<7>lil5«+'^S±*^3(»»aJJ-l^»t-C^>tlia:R 2 
i:?&otfl|yX;M 2 tf>@l&«r <> ttmyX;W4 lt^)f*S:HfC^<, 

(ttttjy X;u 4 l tm.5\s X;W4 2 £ £^&W<7)[S!|g4 J ^£tt^^?S#;^fa^::[Sifr£ <7) 
**ftfiLv* 0 ifc, &3|yX;u4 2 ^^iJj^tiettby X;u 4 1 <?)f£Kji$Jgi t u 
[R5|yX;i/4 2*fcO!R5l*j3j:a f &;fcW£!ft3|yX;i/4 2 fc<aM<*>JMJi# 1 ^iitfKji 
£|ir||Ijg 
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[0 0 8 6] 

[0 0 8 7] 

;u4 1 J: oT7K^»?a^|MJ^tl^-<^«^^r^#H^^^|-r^>r <b Cio 

o i&3!yX^4 2 7^<0#B^i&3l£li§#iL£m ! b, tttm>'X;i/4 1 frh<Dmm?f 

, ittfflyXJW K lR3UX;i/4 2^)f*im»R 1, R 2 H»ofc2£#Sft»8Bfc:fil»t 
X<D&W}i>&tfr S*L&o 
[0 0 8 8 ] 

:<7)^CU> q±tfjyX)i/4 1 J: oTat-^**X^§#Jt P>tLTM7K^^$ tt 
fc3fe*W±^)««t P-^«CitSfia«:K5|yXjV 4 2 1: iott?lt2. iH: 
<fc*K &«W±<*>2fc5HJittaiyX/U4 H^(7)iI*'7^|#itt:J:ott^«W^ 

[0 0 8 9 ] 
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